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PATTERN DEFECT INSPECTION APPARATUS 
1. A pattern def ect inspection apparatus comprising an arrangement 
for scanning a semiconductor substrate, on which a pattern is 
formed, by ^CIISlzi. jbfias; focused into a microscopic spot, a 
plurality of ^J^o-detecto** positioned in peripheral position 
of irradiating spot of the laser beam, and a circuit for 
processing outputs of the photo-detectors to detect pattern 
derect, characterized in that said apparatus comprising; 
a classification circuit for classifying the outputs from 
photo-detectors based on a plurality of classification thresholds, 
said photo-detectors being positioned in normal directions for 
detecting diffracted lights reflected by a straight edge of a normal 
pattern, 

a circuit mi .comparing each of outputs from abnormal direction 
*Jwtc*detectors with stored contents of . RAll specified by said 
Classification to rewrite said content with the corresponding output 
of the abnormal direction pnoto-detector if the corresponding output 
of said photo-detector in the abnormal direction is greater than that 
of said normal direction, said photo-detectors being positioned in 
abnormal directions for detecting diffracted lights reflected by 
other than said straight edge, and 

a circuit for comparing each of the outputs from said photo-detectors 
in the abnormal directions with the corresponding content of the RAM 
to determine a defect to exist if the corresponding output of said 

/ 
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photo-detector in the abnormal direction is greater than that of said 
normal direction. 

Detail Description of the Invention 
r Field of the Invention] 

The present invention relates to pattern defect inspection 
apparatus for inspecting of a pattern formed on a semiconductor 
substrate during a semiconductor manufacturing procees, and more 
particularly to a pattern defect inspection apparatus with reduced, 
erroneous detection cause by roundness formed at the edge of a pattern. 

[Background of the Invention] 

several apparatus have been proposed for detecting a pattern defect , 
and one of such device can for esampU be found which utilizes reflected 
dif tractive lights. This kind of apparatus ha* an advantage in regard 
to inspecting speed since it does not rex uir* any complicated signal 
or graphical processing. 

an exemplifying inspection apparatus, *hich utilized reflected 
dif tractive lights was disclosed in Japanese utility Model Application 
Laid-open No.57-22239. The apparatus i 5 characterised by determining 
a defect to exist if a diffracted light is detected by it, photo-detector 
positioned in the direction, wherein any diffracted light cannot be 
received from a normal pattern. This type of defect detecting system 
could be operated without producing any problem unless the inspecting 
object has larger si« in defect than the Soundness « of its pattern 
3dge. However, the apparatus had such a problem to produce erroneous 

2. 
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detection if it had a similar size as the "roundness" . Considering now 
a diffracted light reflected by a normally used pattern during 
manufacturing process of semiconductor, the diffracted light reflected 
by an edge of the pattern has a stronger Intensity in perpendicular 
direction relative to the edge of the pattern when the bean is 
perpendicularly irradiated to the edge. Also, when one of directions 
of pattern edge is defined to be an angle of zero degree, then the other 
directions of the edge used during the ic manufacturing process axe 
only 45, 90, and 135 degrees respectively. Such a pattern, which takes 
opposite polarity, also shows similar directions as described above, 

Thus, when one direction {including its opposite direction) of 
diffracted Ught reflected by an edge of the pattern is referenced as 
a direction of «i* as shown in Fig. 3, the other directions of the 
diffracted light are only 45,90 and 135 degree positions inclined from 
the direction "1" respectively denoted as «3", "5*, and "7". m 
directions of -2«,*4",»6* and »8" having inclination of 22.5, 67.5 and 
157.5 degrees respectively from the direction of *1», no strong 
diffracted lights are generated unless the pattern itself has a defect 
or ^roundness". Those directions indicated by "1", -4", and «8" are 
hereinafter referred to as -normal direction" respectively, and those 
directions indicated by "2", "4", "6" and *8* are referred to as -abnormal 
direction" respectively. 

Fig. 4 shows a diagram of a rectangular pattern 9 observed from a 
position side of a light source, which is irradiating a focused laser 
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beam 10 onto the pattern. In this case, the pattern has "roundness- ao 
that diffracted lights generated by it exist in the directions of 
1,5, 6, and 8, and also excessively exist in the directions of 6, 7 and 
8 caused by its roundness. In prior inspection apparatus, these 
diffracted lights in the directions of 6,7 and 8 have led to an erroneous 
detection, 

[Object of the Invention J 
It is an object of the present invention to provide means for detecting 
a defect (s) in a pattern with decreased erroneous detection in a pattern 
defect inspection apparatus, which utilizes diffracted lights. 

[Summary of the Invention] 
In ic manufacturing process, a number of chips of similar size 
manufactured on a semiconductor substrate wherein the same ^roundness- 
is reproduced for every chip, such a repetition is utilized for 
inspection. According to the present invention, testing is performed 
in a manner to obtain information of "roundness" from a normal chip, 
and then to compare the information with the information obtained from 
the other chip. If the information from the other chip i» included within 
an acceptable limit, then it determines that the information is caused 
by the -roundness", and it is not a defect, thereby erroneous detection 
of the device is decreased. 

Now, detailed description will be made about information generated 
by the "roundness", classification of the pattern, and inspection method 
thereof. 
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It is defined that the information generated by the "roundness" 
represents the intensity of the diffracted light reflected to the 
corresponding abnormal direction. 

The diffracted light to the abnormal direction is sensitive to the 
existence of pattern defect, and if any pattern defect exists, its 
intensity is increased, it can thus be determined by the magnitude of 
the intensity of the diffracted light to the abnormal direction whether 
any pattern defect may exist or not. 

It should be noted that the comparison of information of "roundness- 
should be done between the same kind of the "roundness" in order to 
determine whether the object has any defect or not, since there are 
several kinds of "roundness*. The "roundness" is formed by two straight 
edges. Then, the Soundness" is classified by combinations of lines, 
and the determination of defect or not is done based on the same 
classification. In the combination of straight edges, a single straight 
edge is also included so that it can be better to say that the 
classification is made based on the patterns rather than the ^roundness". 
The direction of the straight edge can be determined from the fact that 
* in what normal direction the diffracted light is detected". For example, 
if the diffracted lights are deteoted at the directions 1 and 5 as shown 
in Fig. 4, the pattern could then be presumed as a rectangular pattern. 

Irradiating laser beam has the Gaussian distribution so that a 
diffracted light of a different intensity could appear even though from 
the same pattern if irradiating condition of the laser beam onto the 

Sr 
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pattern is different. Thus, the pattern classification is extended 
from the direction only as mentioned above to that in which the intensity 

is also included. 

While the classification cf the patterns can be determined by the 
diffracted lights in the normal directions and their intensities, the 
respective intensity of the diffrective light is classified by the 
plurality of thresholds in order to Halt of the number of 
classifications, in the end . the classification of patterns can be 
determined by the combination of existence of the dif fractive lights 
in the normal directions and the classifications given to their 
intensities, it may also be included not only two directions 
among the normal directions but also 3 or 4 directions in which 
intensities are simultaneously large. 

According to the inspection method of the present invention, 
reference information is initially read from a normal chip and stored 
in a RAM (random access memory) . Each address for storing the information 
into the RAM is assigned so as to correspond with the respective pattern 
classification, since several patterns of a similar shape may exist 
for a single chip, the same pattern classification may appear for a 
different chip for several times. Even though the same patterns may 
appear for a single chip, there is still a ome possibility that the 
intensity of the refracted light thereof is different so that th* maximum 
magnitude for the particular classification i8 utill2ad as ^ £ox 
that light. 
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During Uispection, a signal which is generated by the diffracted light 
in the normal direction is processed for classifying the pattern, and 
compared with the simultaneously generated signal of the abnormal 
direction, if the magnitude of the signal of the abnormal direction 
is larger than the content of the MM, then decision is made that the 
pattern, which generated the signal of the abnormal direction, is 
defective. Otherwise, it is understand that the signal is generated 
by the Soundness", and the pattern is not defective. 
(Embodiment of the Invention] 

Now, an embodiment of the present indention will be described with 
referencing Jlg.i and 2. Tig. l ehows an arrangement of the detector 
optics for diffracted lights, wherein (a) show* a diagram of a 
semiconductor substrate (hereinafter simply called substrate) looking 
down perspective^ from the top, on v^ch a microscopic pattern is formed. 
The substrate 11 is irradiated by a focused laser beam 10, and diffracted 
lights 14 are reflected from the substrate and detected by photo- 
detectors 12-1 and 13-1 and others not shown in Fig.i (a) , waica ftxe 
positioned at obliquely upper side of it. Irradiating position of the 
laser light 10 can be changed for scanning. n 9 .l (b) shows a layout 
drawing of photo-detectors 12 and 13 for normal and abnormal directions 
looking down the substrate 11 from the top. These detectors are 
positioned at angular spacing of 22.5 degree. Each of the detectors 
12 of the normal directions detects the diffracted light of strong 
intensity generated by a straight edge of a normal pattern, while each 

7 
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Pf the detectors 13 of the abnormal directions is positioned in the 
direction where the diffracted light is never receded from the straight 
edge. 

Fig. 2 shows a block diagram of a processing device of the output from 
the photo-detectors 22 and 13. Firstly, an instance is described in 
which a reference data for inspection is produced. The reference data 
is produced by a scanning a laser beam onto a chip, it is assumed that 
every address of the RAM 24 is preliminarily written «2ero" by a 
microcomputer 22. two outputs of the detectors 12, which are 
symmetrically positioned to the center thereof , axe added together in 
adders 15, and outputs of vhich are then provided to analog to digital 
converters 16, in which the outputs are respectively digitized into 
n-bit data with a certain time period. These n-bit data are classified 
according to its magnitude. That is, threshold values vth (l)-vth (n) 
are respectively compared with n-bit data to produee m-bit of data from - 
classified information of n-bit data, wherein Vth. <1)< vth (2)<.<vth 
<n} . For example, if the thresholds are classified into seven classes, 
*P to eight classifications can be made, and 3-bit is thus sufficient 
for these data produced by classification circuits 19. The data from 
the classification circuits 19 are provided to address inputs of a RAH 
24, and have 4 x 4 bits and correspond to the classification of the 
pattern. A mode controller 21 initially read out data iron KAM 24 by 
address specified by 4 X m-bits, and the data is passed to a magnitude 
comparator 23. During this period, n outputs of a buffer 20, which are 

C£ ' d m M nmLUi-n vnnwvsv um\ urn uw. 
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connected to data l/o terminal of RAM 24, are leapt in high impedance 

state. 

On the other hand, outputs from photo-detector* 13 in the abnormal 
directions are added in an adder 17, and an output oh which is then 
digitised to n-hit signal in an analog to digital converter 18. The 
n-bit signals are directly passed from the converter 18 to a magnitude 
comparator 23, so that the data are provided both from the ram 24 and 
the analog to digital converter 18 . if the output data of the converter 
18 is determined to be larger than the content of the RAM24, then the 
24 is switched to write mode by fl control input from a controller 
21, and data from a buffer 20 is written into the RAM24 by the same 
address. I, the data from the ram 24 is determined to be larger than 
the data from the converter 18, tne microcomputer 22 proceeds to a 
Process of an address determined by the next time period without «ng 
any operation. 

Next, description will be made to the operation during defect test. 
It is assumed that data from a normal reference chip is already stored 
in the RAM as reference data. When storing the reference data, write 
and read operations to the SAM 24 are required, but in pattern inspection, 
only read operation is required. Each time the pattern is scanned by 
the laser beam, 4 X m-bit data is passed to RAM 24 and stored in it, 
while the date read from the RAM 24 by the corresponding address is 
compared with the output of the analog to digital converter 18 in the 
comparator 23, and it outputs an abnormal signal 25 if the outputs of 

f 
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Pro*..,, c« put of ^ ta£fM „ is ^ ^ ^ 
fAdvantage of the Invention} 

According the p« 5 „t lttveatlea( o£ 

of the pattern ia ^ ^ ^ ^ ^ 

related to the "roundness" at +k. 

35 of *»■> Pattern cm be decreased. 

(Brief Description of the Drawn,) 

«..! ie a .chaotic diagram of defect detection optic, of an 
Ul„,tratl« e»oc4W of the presHlt motion, ,„ , 1om 

• dl.gr™ xooun, down a pattern perspective!, from th. top and ,h, 
show* a layout dU gli » of photo-detector, loo*,,, do„ frOT1 the top, 

Fig. 2 shows a bloc diagram of the -4^=,i 

s-cwa oi cjie signal processing device. 

Pig. 3 showa directions of diffracted lights, 

«*.« shows directions of diffracted lighta reflected by a pattern 
having the -roundness- at the edge thereof. 

1-8... direction of diffracted light of reflection 
fl-—.—... pattern 

10 — -.focused laser beam 

11- 

substrate 

12- 1 ^-^....photo-detector in the normal direction 

13- 1— 13-4. .photo-detector m the abnormal direction 

U diffracted light of reflection 

it '4 ' /0 
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15, X7 adder 

16,18 analog to digital converter 

1$- — — .-^.classification circuit 

20 . buffer 

21. .nods controller 

22.,*....- •■.JBicrocoinpiiter 

23, — —..magnitude comparator 

24 RAM 

2 5-..„„_„._ . de feet signal 



'4 SW 'ON 
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